Manual and Feedback
Control
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Manual Control

If a process has no load disturbances or their
affect on the controlled parameter is negligible,
then the process may be manually controlled

For this case, manual control I.e. hand-indication-
control, HIC, s sufficient since the controlled
parameter will remain constant as long as the
manipulated parameter is not changed.

A manual loader is used to allow the manipulated
parameter may be adjusted by the plant operator
pased on an indicated value of the controlled
parameter.
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Example - Hand Indicator Controller

(HIC

\112 i
Purchased
Lime
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Hand Indicator Controller - DeltaV

The manual loader

block is used in
DeltaV for Hand
o I T Indication Control

| RIC112 (H IC)

_| SIMULATE M cu‘r#: j k. i ET{-‘-‘-’-” i 2
S The Al block may be

|
B :
e ) used to provide an

# Indication that is
helpful to the operator
iIn making manual
adjustments.

Designed to work with
the AO block for
interface to the final
control element.
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Analog Input Block
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Measurement Filtering

OUT (Modein Man)

OUT (Modein Auto)

PV

FIELD_VAL

63% of Change

PV_FTIME

Time (Sec)
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Status Provided by the Analog Input

The status quality will be set to BAD if the
measurement exceeds the A/D range (open or
short condition) or the block is in Out-of-Service
Mode.

High or low limit is set in status if the
measurement exceeds the over-range and under-
range values specified for the channel

A status quality of Uncertain or BAD may be
created under limit conditions or Man Mode based
on STATUS_ OPT parameter selections.
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Al Status Options

STATUS_OPTS Properties i E3 |

Parameter name:
STATUS_DPTS

Ok

Parameter tupe: Cancel

Optior bitstring j

Eilter..

Parameter categary:

Turing j

— Properties

Walue:
[ncertain if Man mode

[1Bad if Limnited
[JUnecertain if Limited
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Manual Loader Function Block
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Analog Output Block

CAS N
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Analog Output Function Block

OUT (Modein Cas)

SP_RATE_DOWN
OUT (Modein Auto) ISP_RATE_UP

OUT (Modein Man)

SP
, >
— — —b| |<— Time (Sec)
1 Second 1 Second
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AQO Setpoint Rate Limits

The AO setpoint rate limits apply even when the
block is In CAS mode
(as well as Auto).

This feature may be use to limit the maximum rate
at which a valve Is change in automatic control.

BKCAL_OUT status is set to limited if changes in
OUT are limited.

This prevents the PID from winding up under
these conditions.
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/O Options in the AO Block

I0_OPTS Properties I
L ok The Increase to
FPararneter bwpe: Cancel CIOSG Opthn
Ooionbios 7] .||~ should be set to

e account for field
reversal (I/P,

_Pri::j / aCtuatOr) SO that
the SP value

[fincrease bo close

[15P-F Track in LO ar IMan

VISPV Track in ban always indicates
[JUse P for BKCAL_DUT (@ e
implied” valve
position.
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Why Feedback Control?

A large number of processes within industry may be
characterized as having significant load disturbances.

To maintain the control at setpoint, the manipulated
parameter must be adjusted each time there is a change
In the load disturbance.

Manual control is often times insufficient since the
operator not be able to respond fast enough to correct for
changes in the load disturbance.

In this case, a means of automatically adjusting the
manipulated parameter to compensate for disturbances is
required.
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Basis - Feedback Control

Information needed to

Tune Controller

Feedback
Controller
(SISO)

)

Manipulated 1__

Disturbance

Other ]

Process

Controlled
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. Constraint

. Other

One means of automatically
compensating for load
disturbances is know as
single-input single-output
(S1SO) feedback control.

Feedback control is based on
comparison of the measured
value of the controlled
parameter to setpoint to
calculate the value of the
manipulated parameter to
maintain setpoint.

The technique most frequently
used for feedback control is
the PID algorithm. Different
structures of the PID are used
to address different application
requirements.
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Proportional-only Control

OUT =K, * Error + BIAS The smplest PID structure is
Proportional-only control.
Where

OUT = Output of Controller The major dl_sadvantage of P-
only control is an error offset
Error = Different between the Setpoint and the may exist between Setpomt and
controlled parameter controlled parameter. For

BIAS = bias value, also known as manual reset €Xample, If BIAS = 0 then

Error = OUT/K.

Ky = Proportional Gain

limited e.g. surge tank level

% : Application of P-Only control is
control

v
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Pl Control

OUT = K{Error + Kiz Errorj
|

Where
OUT = Output of Controller
K = Proportional Gain

Error = Different between the Setpoint and the
controlled parameter

K, = Reset time, second per repeat

O %

v
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By adding an additional
calculation function, know as
reset or integral (I) model to
proportional —only control, the
Pl controller is obtained.

The reset contribution will
continue to change OUT until
the control error is driven to
Zero.

This structure of the PID is
most common since it can be
used to address a wide variety
of applications
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PID Control

OuT = K,{Error +Kiz Error + K, * Rate of Changej
|

Where

OUT = Output of Controller

PV = Control measurement

Ky = Proportional Gai

Error = Different between the Setpoint and the

controlled parameter

K, = Reset time, second per repeat

Ky=Rate, seconds

n
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An additional mode, known as rate
or derivative action, may be to the PI
controller to obtain the PID
controller.

An additional contribution is added to
the calculated output based on the
rate of change in the controlled
parameter.

Major changes in load disturbances
are anticipated by rate action. Thus,
corrective action is taken sooner and
control is taken sooner

Use of derivative action should be
restricted to processes where the
control measurement is noise free.
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Guideline in Selecting PID Structure

The selection of PID structure should be based on the
process i.e. how the controlled parameter reacts to a
change in the manipulated parameter.

I-Only — When the response of the controlled parameter to a
change in the manipulated parameter is instantaneous — the
process is a pure gain.

Pl — The process can be adequately represented as a first-
order lag. The majority of industrial process fall into this
category

PID — The process is best represented as a second-order
system and the control parameter contains little noise.

P-Only —If the process is best represented as an integrator.
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Controller Action

A direct/reverse selection is normally provided with the
PID to compensate for the relationship of the manipulated
parameter to the controlled parameter

Select direct if the manipulated parameter must increased to
correct for an increasing controlled parameter

Select reverse if the manipulated parameter must be decrease
to correct for an increasing controlled parameter

Note: The OUT parameter of the PID is normally considered to be
the manipulated parameter.
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Initial Tuning

Gain Reset | Rate
Flow 0.3 5
Temperature | 1.3 300 60
Level 2 600
Gas 10 600
Pressure
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Initial controller tuning
may be used during
control system design.

The values are
conservative and will
result normally in sluggish
response.

Once the plant is online,
the tuning should be
refined based on the
observed process
dynamics and gain.
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Simple Tuning Technique

Tuning of a Pl controller applied to a self-regulating process can
be quickly establish as follows:

Place the controlled and manipulated parameters on trend.

Place the controller in manual and allow the process to reach
steady state.

Impose a step change in OUT and observe the response.

Set the RESET to match the sum of the process deadtime plus
the time constant.

Place the loop on automatic control using conservative GAIN.

Make small changes in Setpoint and observe the response.
Adjust only the GAIN to achieve the desired response.
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Feedback Control In DeltaV
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The PID function
block are
designed to work
with the Al and
PID blocks to
Implement
feedback control.

The BKCAL input
IS used to provide
bumpless
transfer and to
communicate
when
downstream
limits to
encountered and
thus avoid reset
windup.
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PID Function Block
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PID Implementation Detailed in Books On-line

The standard form is a discrete implementation of:

OUT(s) = +GATIT, o | KIL e F(s)

Pls)*T,s  Efs) ]+ Dfs)*T,sTys |, L(s)-F(s) |
(T,s+1) (Ts+1)] (T,s +1@Tygs+1)]  (T,s+1)

The series form is a discrete implementation of:

r o|P)*T,s  E(s) _ Dls)eTys| Lis)-F(s)
OUT(s) = +GAIN, [[Trsﬂ) T+ 1) [-:des+dl)] Toet)

For L = OUT {which is the same as OUT being unconstrained) and P = D = E the equations reduce to:

A conventional Standard PID with feedforward,

OUT(s) = GATN, |1+ 1+ 98
T,s [(aTys+1

)]'E(s)+F{s)

and Series PID with derivative filter applied only to derivative action, with feedforward

(6Tys+1) || T,e

I

OUT(s) = GATN -[1 o Las ][Tfs +1] oE(s) + F(s)
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Selection of PID Form

FORM Properties 7] |

Farameter hame;

ok |
FORM

Farameter type:; Cancel

MHamed Set j

Eilten::

Farameter categony:

Turing j

— Properties

MHamed set;

I$fﬂrm Erawse.,. |

Mamed state:

IStandard _:I

Senes
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PID STRUCUTRE Parameter

©20
Slid

STRUCTURE Properties

Farameter name:

T T
STRUCTURE

Parameter type:

MHamed Set x I

Parameter categorny:

Turing -’

E=l .
0k,
Cancel
Eilter... ¢

~ Properties

M amed set:

$struct_pid

Erawse..

M amed state:

Pl action on errar, D action on Py

PID action on erar

Pl action on error, O action on Py
| action an errar, PO action on PY
PL action on ermaor

P action an eror, 0 action on PY
[ action on error

| action on error, [ action an P
Two Degrees of Freedom Conbraller

Selection are
provided for P, PI,
PID, | and ID.

Using the structure
selection, you may
choose whether
proportional and
derivative action
are taken on error
or PV value.
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Mode Determines the Source of
Output & Setpoint

Output Vaue
nput }-» ] v - Output
Par ameter s ] (Operator Entry —— # Parameter
(value + Status)
ROUT IN ——F &
- TRK IN —-c | ouT
Setpoint Value _ T vaue
l Select BLOCK
Operator Entry 1 4 AIGORITHM P
+ X
RCAS IN | & _j Back-calculation
CAS IN ——c \l SP _— Parameters
- Value
— RCAS OUT
Block Algorithm _| L cAS 6UT
(internal) —
t —— ROUT_OUT
Mode |[¢—
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Supported Operator Modes

Mode Source of SP Source of OUT
Out-of-Service(O/S) Operator Operator
Manual (Man)__ Operator Operator
Automatic (Auto) Operator Block
Cascade (Cas) CAS_IN Block

Remote Cascade(Rcas) RCAS IN Block

Remote Output (Rout) Operator RCAS _OUT

Control and output blocks
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Other Actual Modes

Actual Mode What it means

Local Override (LO) Track or Auto-tuning is active and
In control of the output value

Initialization Manual (IMAN)  The forward path to a physical output
IS broken and the output is tracking the
downstream block
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Tuning PID for Best Performance

— Process ldentification Based on
Relay Self-Oscillation Principle

— Applicable to a wide range of
processes

« Slow
+ Fast
« Self-regulating

 Integrating

— Immune to Noise and Process
Load Disturbances

— Minimizes Tuning Time
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ldentification of Process Dynamics

F_j,f_Delta"." Tune - EXAMPLE_D/PID1
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Ullimateperiod: P20 S [Tl
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iz iz - 2 Reget; |13.3? Feset: [15.00
Status: Testing process. Rate: Im— — lmi
=i I Abort | Simulate | Update = | Restore |

) I
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Set step size,
process type,
and select
“Test”.

After completion
of test, apply
tuning
recommendation
by selecting
Update.
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Simulation of Loop Response

+ EXAMPLE_D/PID1 - Simulate

— Tuning for Robustness

hiethod: Lambda

Structure: P & | on Bmor, O on PA
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By choosing
Simulate,
you may
observe the
simulated
response
before
applying the
recommend
ed tuning.
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PID Feedback Workshop — Process

50-200 DegF
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PID Feedback Workshop

Stepl. Open module EXAMPLE D_FB in control studio and in the on-line view change
the mode of the PID to AUTO and make a 5 degree step change in the SP
(setpoint) parameter. Observe the control response.

Step2.  Oncethe ssimulated temperature is at setpoint, select DeltaV Tune and tune the
loop. After accepting the recommended tuning, change the SP by 5 degrees. Did
you observe any improvement in performance?

Step 3.  Changethe process type in DeltaV Tune to Temperature and examine expected
response using the Simulate feature. Apply the recommended tuning (no need to
re-test). Change the SP by 5 degrees. What difference in the performance did the
new tuning make?
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EXAMPLE D FB

| PID |
PICr 5} |
| BMZAL_IN BMZAL OUT A0 PROC D &
| CAS_IN outTl I A0 M_J o [ WALVE MEASUREMENT | — J
| Al FF_\AL — o[ CASIN auT —H [ nET
| Al m [—B IN BHCALOUT | [—— PARAR1
— W[ SMULATE N OUT SIMULATE IN #2 #4
#1 TREK_IN_D
TRK VAL
3
DISTUREAMCE i
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